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SPECIAL NOTES 


1. API publications necessarily address problems ofa general nature, With respect to 
particular circumstances, local, state, and federal Jaws and regulations should be 
reviewed. 


2. API is not undertaking to meet the duties of employers, manufacturers, or 
suppliers to warn and properly train and equip their employees, and others exposed, 
concerning health and safety risks and precautions, nor undertaking their obligations 
under local, state, or federal laws. 


3. Information concerning safety and health risks and proper precautions with 
respect to particular materials and conditions should be obtained from the employer, 
the manufacturer or supplier of that material, or the Material Safety Data Sheet. 


4. Nothing contained in any API publication is to be construed as granting any right, 
by implication or otherwise, for the manufacture, sale, or use of any method, apparatus, 
or product covered by letters patent. Neither should anything contained in the publica- 
tion be construed as insuring anyone against liability for infringement of letters patent. 


5. Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at 
least every five years. Sometimes a one-time extension of up to two years will be added 
to this review cycle. This publication will no longer be in effect as an operative API 
standard five years after its publication date or, where an extension has been granted, 
upon republication. The status of the publication can be ascertained from the API 
authoring department (telephone 202 682-8000). A catalog of API publications and 
materials is published annually and updated quarterly by API, 1220 L Street, N.W., 
Washington, D.C. 20005. 


Copyright © 1988 American Petroleum Institute 
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FOREWORD 


The American Petroleum Institute, the (British) Institute of Petroleum (IP), and 
corresponding bodies of other nations have worked through Technical Committee 
28 of the International Organization: for Standardization (ISO) to produce several 
international standards that relate directly to the API Manual of Petroleum Mea- 
surement Standards. : 

Section 4 of Chapter 10 discusses the field centrifuge test method for determining 
sediment and water in crude oil. Section 4 is primarily intended for use within the 
United States and has not been approved by JP or ISO, This edition of Section 4 of 
Chapter 10 (ASTM D 96-88) supersedes all previous editions of this standard. 

Section 1 of Chapter 10 describes the determination of sediment in crude oils and 
fuel oils by the extraction method. Section 2 discusses the determination of water in 
crude oil by the distillation method. Section 3 describes the determination of 
sediment and water by a laboratory centrifuge procedure. 

This standard may involve hazardous materials, operations, and equipment. This 
standard does not purport to address all of the safety problems associated with its 
use. It is the responsibility of the user of this standard to establish appropriate 
safety and health practices and determine the applicability of regulatory limitations 
prior fo use. 

API publications may be used by anyone desiring to do so. Every effort has been 
made by the Institute to assure the accuracy and reliability of the data contained in 
them; however, the Institute makes no representation, warranty, or guarantee in 
connection with this publication and hereby expressly disclaims any liability or 
responsibility for loss or damage resulting from its use or for the violation of any 
federal, state, or municipal regulation with which this publication may conflict. 


amen 
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Chapter 10—Sediment and Water 


SECTION 4—DETERMINATION OF SEDIMENT AND WATER IN 
CRUDE OIL BY THE CENTRIFUGE METHOD 
(FIELD PROCEDURE) 


10.4.1 Scope and Field of Application 


10.4.1.1 This section describes the centrifuge method 
for determining sediment and water in crude oil during 
field custody transfers. This method may not always 
provide the most accurate results, but it is considered 
the most practical method for field determination of 
sediment and water. When a higher degree of accuracy 
is required, the laboratory procedure described in 
Chapter 10.2, Determination of Water in Crude Oil by 
Distillation (ASTM D 4006), or ASTM D 4377, Method 
for Water in Crude Oils (Karl Fischer) Titration, and the 
procedure described-in Chapter 10.1, Determination of 
Sediment in Crude Oils and Fuel Oils by the Extraction 
Method (ASTM D 473) should be used. 

Note: Water by distillation and sediment by extraction are considered 
the most accurate methods of determining sediment and water in 
crude oils. As such, these methods should be employed to resolve 
differences in results from variations of this procedure or between this 


procedure and other methods or in the case of a dispute between 
parties. 


10.4.1.2 The requirements of this standard may in- 
volve hazardous materials, operations, and equipment. 


This standard does not purport to address. all of the 


safety problems associated with its use. The user of this 
standard has the responsibility for establishing appro- 
priate safety and health practices and determining the 
applicability of regulatory limitations prior to use. 


10.4.2 Referenced Publications 


ACGIH! 
Threshold Limit Values and Biological Exposure 
Indices for 1987-1988 


API 
Manual of Petroleum Measurement Standards 
Chapter 8,“Sampling Petroleum and 
Petroleum Products” 
Chapter 10, “Sediment and Water” 


ASTM? 
D.235 Specification for Mineral Spirits (Petro- 
leum Spirits) (Hydrocarbon Drycleaning 
Spirits) 


1American Conference of Governmental Industrial Hygienists, 
Building D-7, 6500 Glenway Avenue, Cincinnati, Ohio 45211, 
2ASTM, 1916 Race Street, Philadelphia, Pennsylvania 19103. 
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D 362 Specification for Industrial Grade 
: Toluene / 
D 473 Test Method for Sediment in Crude Oils 
and Fuel Oils by the Extraction Method 
D 846 Specification for Ten-Degree Xylene 
D 1209 Test Method for Color of Clear Liquids 
(Platinum-Cobalt Scale) 
D 3699 Specification for Kerosine 
D 4006 Test Method for Water in Crude Oil by 
Distillation 
D 4057 Practice for Manual Sampling of Petro- 
leum and Petroleum Products 
D 4177 Method for Automatic Sampling of Petro- 
leum and Petroleum Products 
D 4377 Method for Water in Crude Oils (Karl 
Fischer) Titration 
E 542 Practice for Calibration of Volumetric 
Ware 


OSHA? 

Occupational Safety and Health Standards 29 Code 
of Federal Regulations Subpart Z, “Toxic 
and Hazardous Substances,” Section 
1910.1000 and following 


10.4.3 Principle 


Known volumes of crude oil and solvent (water satu- 
rated if required) are placed in a centrifuge tube and 
heated to 60°C + 3°C (140°F + 5°F). After centrifuga- 
tion, the volume of the sediment-and-water layer at the 
bottom of the tube is read. 


Note: It has been observed that for some waxy crude oils, tempera- 
tures of 71°C (160°F) or higher may be required to melt the wax 
crystals completely so that they are not measured as sediment. If 
temperatures higher than 60°C (140°F) are necessary to eliminate this 
problem, they may be used with the consent of the parties involved. If 
water saturation of the solvent is required, it must be done at the same 
temperature. : 


10.4.4 Significance 


A determination of sediment and water content is 
required to determine accurately the net volumes of 
crude oil involved in sales, taxation, exchanges, in- 


3Occupational Safety and Health Administration, U.S. Department 
of Labor. The Code of Federal Regulations is available from the U.S. 
Government Printing Office, Washington, D.C. 20402. 


MPMS 10-4-88 i 07432290 oOSS2b0 il 


2 Cuaprer 10—Sepiment AND Water 


ventories, and custody transfers. An excessive amount - 


of sediment and water in crude oil is significant because 
it can cause corrosion of equipment and problems in 
processing and transporting and may violate federal, 
state, or municipal regulations. 


10.4.5 Solvents 
10.4.5.1 USABLE SOLVENTS 


The solvents listed in 10.4.5.1.1 through 10.4.5.1.4 
are satisfactory for use in field testing. Appendix A 
contains general information regarding the physical 
characteristics of these solvents, as well as fire, safety, 
and health considerations relating to their use. 


INFORMATION CONCERNING PHYSICAL 
CHARACTERISTICS, SAFETY AND HEALTH 
RISKS, AND PROPER PRECAUTIONS WITH RE- 
SPECT TO PARTICULAR MATERIALS AND CON- 
DITIONS SHOULD BE OBTAINED FROM THE 
EMPLOYER, THE MANUFACTURER OR SUP- 
PLIER OF THAT MATERIAL, OR THE MATERIAL 
SAFETY DATA SHEET. 


10.4.5.1.1 Kerosene 


Kerosene shall meet the specifications of ASTM D 
3699, 


10.4.5.1.2 Stoddard Solvent 


Stoddard solvent shall meet the specifications of 
ASTM D 235. 


10.4.5.1.3 Toluene 
Toluene shall meet the specifications of ASTM D 362. 


10.4.5.1.4. Xylene 
Xylene shall meet the specifications of ASTM D 846. 


10.4.5.2 USE OF SOLVENTS 


10.4.5.2.1 Toluene and xylene shall be saturated with 
water at 60°C + 3°C (140°F + 5°F) and maintained at 
this temperature until used. A procedure for the satura- 
tion of solvents is given in Appendix B. The water- 
saturated solvent shall be free from suspended water at 
the time of use. Toluene and xylene are recommended 
for sediment-and-water determinations involving as- 
phaltenic crude oils. 


10.4.5.2.2 Stoddard solvent and kerosene do not have 
to be saturated with water, since the solubility of water 
in these solvents is not significant at 60°C (140°F). 
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10.4.6 Demulsifier 


When necessary,.a demulsifier should be used to 
promote the separation of water from the sample; to 
prevent water from clinging to the walls of the cen- 
trifuge tube, and to enhance the distinctness of the 
water-oil interface. In some cases a demulsifier is re- 
quired to attain agreement with the base method (see 
note to 10.4.1.1). When a demulsifier is used, it should 
be mixed according to the manufacturer’s recommen- 
dations and should never add to the volume of sediment 
and water determined. The demulsifier should always 
be used in the form of a demulsifier-solvent stock solu- 
tion or be premixed with the solvent to be used in the 
test. See Appendixes A and B for further information 
about demulsifiers. 


10.4.7 Apparatus 
10.4.7.1 CENTRIFUGE 


A centrifuge shall be capable of spinning two or more 
centrifuge tubes at a speed that can be controlled to give 
a minimum relative centrifugal force of 500 at the tip of 
the tubes. The rotation speed necessary to produce a 
relative centrifugal force of 500 for various diameters of 


swing can be determined from Table 1 or from one of the — 


following equations: 


rpm = 1335V rcfld () 
rpm = 265V refid (2) 
Where: 
rpm = rotation speed, in revolutions per minute. 
rcf = relative centrifugal force. 


Table 1—Rotation Speeds Necessary to Produce a 
Relative Centrifugal Force of 500 for Centrifuges of 
Various Diameters of Swing 


Diameter of Swing? 

(revolutions 

Millimetres Inches per minute) 
305 12 1710 
330 13 1640 
356 14 1580 
381 15 1530 
406 16 1480 
432 17 1440 
457 18 1400 
483 19 1360 
508 20 1325 
533 21 1290 
559 22 : 1260 
584 23 1240 
610 24 1210 


aMeasured between the tips of opposite tubes when the tubes are in 
rotating position. 


Rotation Speed - 


A 
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d = diameter of swing, in millimetres (Equation 
1) or inches (Equation 2), measured between 
the tips of opposite tubes when the tubes are 
in their rotating position. 


The revolving head, trunnion rings, and trunnion 
cups, including the cushions, shall be constructed to 
withstand the maximum centrifugal force capable of 
being delivered by the power source. The trunnion cups 
and cushions shall firmly support the tubes when the 
centrifuge is in motion. The centrifuge shall be enclosed 
by ametal shield or case strong enough to contain flying 
debris in the event a tube breaks or the centrifuge 
malfunctions. 

The centrifuge shall be heated and shall be capable of 
maintaining the sample at a temperature of 60°C + 3°C 
(140°F + 5°F). The minimum allowable temperature in 
the field shall be 52°C (125°F). 


10.4.7.2 CENTRIFUGE TUBES 


10.4.7.2.1 Centrifuge tubes shall be cone shaped and 
203 millimetres (8 inches) or 167 millimetres (6 inches) 
in length, Tubes shall conform to the dimensions given 
in Figure 1 (203 millimetres) or Figure 2 (167 milli- 
metres) and shall be made of thoroughly annealed glass. 
A 200-part tube shall conform to the dimensions shown 
in Figure 2, with the marking for each division multi- 
plied by 2 (for example, 25 millilitres = 50 parts). The 
mouth of each tube shall be constricted for closure with 
a stopper. Graduations for the 203-millimetre (8-inch) 
and 167-millimetre (6-inch) tubes shall be in accordance 
with the requirements of Tables 2 and 3, respectively. 
The scale errors for a centrifuge tube shall not exceed 
the tolerances specified in Tables 2 and 3. The gradua- 
tion requirements and scale-error tolerances shown in 
Tables 2 and 3 apply to calibrations made by reading the 
bottom of the shaded meniscus of air-free water at a 
temperature of 20°C (68°F). The graduations on each 


Table 2—Minimum Graduation Requirements and 
Maximum Calibration Tolerances for 203- 
Millimetre (8-inch) Cone-Shaped Tubes 


Volume 

Range Subdivision Tolerance 

(millilitres) (millilitres) (millilitres) 
00.1 0.05 +0.02 
>0.1-0.3 0.05 +0.03 
>0.3-0.5 0.05 +£0.05 
>0.5-1.0 0.10 £0.05 
>1.0-2.0 0.10 +£0.10 
>2.0-3.0 0.20 +0.10 
>3.0-5.0 0.5 +£0.20 
>5.0-10 1 +0.50 
>10-25 5 +1.00 
>25-100 25 +1.00 
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Figure 1—203-Millimetre (8-Inch) Cone-Shaped 
Centrifuge Tube 


tube shall be clearly numbered as shown in Figures 1 
and 2. 


10.4.7.2.2 The tube graduation marks’ accuracy shall 
be volumetrically verified or gravimetrically certified 
before field use of the tube, in accordance with ASTM 
E 542 using National Bureau of Standards-traceable 
equipment. The verification or certification shall in- 
clude a calibration check at each mark up through the 
0.5-millilitre (1-part) mark; at the 1-, 1.5-, and 2-milli- 
litre (2-, 3-, and 4-part) marks; and at the 50- and 100- 
millilitre (100- and 200-part) marks. The tube shall not 
be used if the scale error at any mark exceeds the 
applicable tolerance from Table 2 or 3. 
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Figure 2—167-Millimetre (6-Inch) Cone-Shaped 
Centrifuge Tube 


10.4.7.3  PREHEATER : 
The preheater shall be either a metal block ora liquid 


bath of sufficient depth to permit immersion of the - . 


centrifuge tube in the vertical position to the 100-milli- 
litre (200-part) mark and capable of heating the sample 
to 60°C + 3°C (140°F + 5°F). 


10.4.7.4 THERMOMETER | 


A thermometer shall have graduations at intervals of 
1°C (2°F) or less and shall be accurate to +1°C (+2°F), 
A thermometer such as ASTM IC or 1F is suitable. 


10.4.8 Sampling 


Sampling is defined as all steps required to obtain a 
representative quantity of the contents of any pipeline, 
tank, or other system and to place it in an appropriate 
centrifuge tube. 
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The sample shall be thoroughly representative of the 
crude oil in question, and the portion of the sample used 
for the sediment and water determination shall be thor- 
oughly representative of the sample itself. If a lease 
automatic custody transfer (LACT) unit is involved, 


vigorous agitation of the sample container is required 


before the sample is transferred to the centrifuge tube 
or tubes. Only representative samples obtained as 
specified in Chapter 8.1 (ASTM D 4057) or Chapter 8.2 
(ASTM D 4177) shall be used for this method. 


10.4.9 Procedure 


10.4.9.1 Fill each of two centrifuge tubes to exactly 
the 50-millilitre (100-part) mark with a sample taken 
directly from the sampling device (for example, a thief, 
bottle, beaker, or LACT sample container) or the con- 
tainer in which the sample was collected. Then fill each 
tube with solvent to‘exactly the 100-millilitre (200-part) 
mark. Read the top of the meniscus at both the 50- and 
100-millilitre (100- and 200-part) marks. If experience 
indicates that a demulsifier is required and one has not 
already been added to the solvent, add to each tube a 


quantity of demulsifier-solvent stock solution that has 


previously been determined to be satisfactory for the 
crude oil under test. Stopper each tube tightly and 
invert the tubes a minimum of ten times to ensure that 
the oil and solvent are uniformly mixed. 


CAUTION: In general, the vapor pressures of hydro- 
carbons at 60°C (140°F) are approximately double those 
at 40°C (104°F). Consequently, tubes should always be 
inverted at a position below eye level so that contact will 
be avoided if stopper blowout occurs. 


Where the crude oil is very viscous and mixing of the 
solvent with the oil is difficult, the solvent may be 


~. Table 3—Minimum Graduation Requirements and 


Maximum Calibration Tolerances for 167- 
Millimetre (6-Inch) Cone-Shaped Tubes 


; Volume 
Range Subdivision Tolerance 
Gnillilitres) (millilitres) (millilitres) 
_ >00.1 0.05 +0.02 
>0.1-0.3 0.05 +0.03 
>0.3-0.5 0.05 +0.05 
>0.5-1.0 0.10 +0.075 
>LO-L.5 0.10 +£0.10 
>1,5-2.0 : 0.10 +0.20 
>2.0-3.0 - ~ 0.20 £0.30 
>3,0-5.0 0.50 £0.50 ~ 
>5.0-10 1 : +£0.75 
>10-25 5 +1.0 
>25-100 a +15 


aGraduations at 50 and 100. 
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added to the centrifuge tube prior to the oil to facilitate 
mixing. In this case, extreme care must be taken to fill 
the centrifuge tube to exactly the 50-millilitre (100-part) 
mark with solvent and then to exactly the 100-millilitre 
(200-part) mark with the sample. 


10.4.9.2 Loosen the stoppers to prevent pressure 
buildup during heating and immerse the tubes fo the 
100-millilitre (200-part) mark in a preheater. Heat the 
contents to 60°C + 3°C (140°F + 5°P). 


10.4.9.3 Secure the stoppers and again invert the 
tubes ten times to ensure uniform mixing of the oil and 
solvent. 


10.4.9.4 Place the tubes in the trunnion cups on op- 
posite sides of the centrifuge to establish a balanced 
condition. Retighten the stoppers and spin for at least 5 
minutes at a minimum relative centrifugal force of 500. 


10.4.9.5 Immediately after the centrifuge comes to 
rest, verify the temperature. Do not disturb the oil- 


water interface with the thermometer. The test is invalid” 


if the final temperature after centrifugation is below 
52°C (125°F). 
Note: If the final temperature is found to be below 52°C (125°F), 


adjust the centrifuge heater to increase the final test temperature and 
reinitiate the procedure, beginning with 10.4.9,.2. 


Read and record the combined volume of sediment and 
water at the bottom of each tube as indicated in Table 4 
and Figure 3 (Table 5 and Figure 4 for 200-part tubes). 
Reheat both tubes to 60°C + 3°C (140°F + 5°B), return 
the tubes without agitation to the centrifuge, and spin 
for another 5 minutes at the same rate. Repeat this 
operation until two consecutive consistent readings are 
obtained on each tube. 


10.4.9.6 For the test to be considered valid, a clear 
interface must be observed between the oil layer and 
the separated water. No identifiable layering (that is, an 
emulsion) should be present immediately above the oil/ 
water interface. In such cases, one or more of the 
following remedies may be effective: 


a. Shake the mixture between whirlings in the cen- 
trifuge just enough to disperse the emulsion. 

b. Use a different or an increased amount of de- 
mulsifier. (The demulsifier should not, however, con- 


Table 4—Procedure for Reading a 100-Millilitre 
Cone-Shaped Tube 


Volume of Read to 
Sediment and Nearest 
Water (millilitres) (millilitre) 
0.0-0.2 0.025 
0.2-1.0 0.05 
>1.0 0.10 
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Table 5—Procedure for Reading a 200-Part 
Cone-Shaped Tube 


Volume of Read to 
Sediment and Nearest 
Water (percent) (percent) 
0.0-0.4 0.05 
0.42.0 : 0.10 

>2.0 0.20 


tribute to the volume of sediment and water.) 

c. Use a different or an increased amount of solvent. 
After a satisfactory procedure for a particular type of 
oil has been worked out, it will ordinarily be suitable for 
all samples of the same crude oil. 


10.4.10 Calculation and Reporting 


10.4.10.1 Compare the readings of the two tubes. If 
the difference between the two readings is greater than 
one subdivision on the centrifuge tube (see Table 2 or 3) 
or 0.025 millilitre (0.05 percent for 200-part tubes) for 
readings of 0.10 millilitre (0.20 percent for 200-part 
tubes) and below, the readings. are inadmissible and.the 
determination shall be repeated. 


10.4.10.2 If tubes graduated in 100 millilitres have 
been used for the determination, record the sum of the 
final volumes of sediment and water in each tube ob- 
tained, as specified in 10.4.9, and report this sum as the 
percentage. of sediment and water (see Figure 3 for . 
reading and reporting sediment and water when using 
100-millilitre cone-shaped centrifuge tubes), Report the 
results as shown in Table 6. 


10.4.10.3 If direct-reading 200-part tubes have been 
used for the determination, the percentage of sediment 
and water is the average, to three decimal places, of the 
values read directly from the two tubes. The percentage 
can only be read directly from a 200-part tube if the tube 
contains 50 millilitres or 100 parts of oil. 


Table 6—Expression of Results 


Volume of Sediment and Water 


(millilitres) Total Sediment 
and Water 
Tube t Tube 2 (percent) 
None visible _ Trace 0 
None visible 0.025 0.025 
! 0.025 0.025 0.05 
0.025 0.05 0.075 
0.05 0.05 0.10 
0.05 0.075 0.125 
0.075 0.075 : 0.15 
0.075 —. 0.10 0.175 
0.10 0.10 : 0.20 
0.10 : 0.15. 0.25 
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Figure 3—Procedure for Reading Sediment and Water When Using a Tube Reading in 100 Millilitres 
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Figure 4—Procedure for Reading Sediment and Water When Using a Tube Reading in 200 Paris 
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10.4.10.4 Ifthe volume of oil is greater or less than 50 
millilitres, or 100 parts, calculate the percentage of 
sediment and water as follows: 


Sediment and water, percent = (S/V) x 100 
Where: 


S = volume of sediment and water, in millilitres 
or parts. 
V = volume of oil tested, in millilitres or parts. 


For example, if the total volume of oil tested (V) is 20. 


millilitres and the volume of sediment and water (5) is 
0.15 millilitre: : 


Sediment and water, percent = (0.15/20) xX 100 = 0.75 


10.4.10.5 If the test conditions outlined in 10.4.5 
through 10.4.10 are not followed exactly, the following 
must also be reported: 


a. The solvent used and the water saturation tempera- 
ture. 
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b. The type and amount of demulsifier (if used). 

c. The temperatures of the sample and solvent, the 
preheater temperature, the centrifuge temperature, and 
the temperature of the final mixture after centrifuging. 
d. The number of samples or tubes used in the determi- 
nation. - : 


10.4.11 Precision 


The precision of the method described in this section 


for measuring sediment and water in crude oil by the 


centrifuge method (field procedure) is being deter- 
mined. ; 


10.4.12 Bias 


Since there is no accepted reference material suitable 
for determining the bias for the procedure described in 
this section for measuring sediment and water in crude 
oil by the centrifuge method (field procedure), no state- 
ment about bias is being made. 
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APPENDIX A—PRECAUTIONARY INFORMATION 


A.1_ Physical Characteristics and Fire 
Considerations 


INFORMATION REGARDING PARTICULAR 
MATERIALS AND CONDITIONS SHOULD BE 
OBTAINED FROM THE EMPLOYER, THE MANU- 
FACTURER OR SUPPLIER OF THAT MATERIAL, 
OR THE MATERIAL SAFETY DATA SHEET. 


A.1.1 KEROSENE (ASTM D 3699) 


The typical characteristics of kerosene are a distilla- 
tion range of 205-300°C (401-572°F), a minimum flash 
point of 38°C (100°F), and a maximum freezing point of 
— 30°C (—22°F). 


WARNING: Kerosene is combustible and should be 
kept away from heat, sparks, or open flame. Kerosene 
containers should be kept closed when they are not in 
use. Fires should be extinguished with foam, dry 
chemical, or carbon dioxide. Spills should be soaked up 
with clay, diatomaceous earth, or a similar material. 


A.1.2 STODDARD SOLVENT (ASTM D 235) 


The typical characteristics of Stoddard solvent are a 
distillation range of 149-208°C (300-407°F), a minimum 
flash point of 38°C (100°F), and an aromatics plus 
olefins content of less than 20 percent by volume. 


WARNING: Stoddard solvent is combustible and 
should be kept away from heat, sparks, or open flame. 
Stoddard solvent containers should be kept closed 
when they are not in use. Fires should be extinguished 
with foam, dry chemical, or carbon dioxide. Spills 
should be soaked up with clay, diatomaceous earth, or a 
similar material. 


A.1.3 TOLUENE (ASTM D 362) 


The typical characteristics of toluene are a minimum 
flash point of 4°C (40°F), an ignition temperature of 
480°C (896°F), a boiling point of 111°C (231°F), an upper 
flammability limit of 7.1 percent by volume, a lower 
flammability limit of 1.2 percent by volume, a mo- 
lecular weight of 92, an American Public Health Asso- 
ciation (APHA) color of ten (per ASTM D. 1209), a 
boiling range (initial to dry point) of 2.0°C (3.6°F) [re- 
corded boiling point of 110.6°C (231.1°F)], and 0.001 
percent residue after evaporation. Toluene passes the 
American Chemical Society (ACS) test for substances 
darkened by H,SO,. 


WARNING: Toluene is flammable and should be kept 
away from heat, sparks, or open flame. Toluene con- 
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- tainers should be kept closed when they are not in use. 


Fires should be extinguished with water spray, foam, 
dry chemical, or carbon dioxide. Spills should be 


soaked up with clay, diatomaceous earth, or a similar 


material. 


A.1.4 XYLENE (ASTM D 846) 


The typical characteristics of xylene are a minimum 
flash point. of 27°C (81°F), an ignition temperature of 
527°C (982°F), a boiling point of 139°C (282°F), an upper 
flammability limit. of 7.0 percent by volume, a lower 
flammability limit of 1.1 percent by volume, a mo- 
lecular weight of 106, an APHA color of not more than 
ten (per ASTM D 1209), a boiling range of 137-144°C . 
(279-291°F), and 0.002 percent residue after evapora- 
tion. Xylene passes the ACS test for substances 
darkened by H,SQ,. 


WARNING: Xylene is flammable and should be kept 


~ away from heat, sparks, or open flame. Xylene con- 


tainers should be kept closed when they are not in use. 
Fires should be extinguished with water spray, foam, 
dry chemical, or carbon dioxide. Spills should be 
soaked up with clay, diatomaceous earth, or a similar 
material. 


A.2 Safety and Health Considerations 
A.2.1_ GENERAL CONSIDERATIONS 


Potential health effects that result from chemical ex- 
posure depend on the chemical concentration and the 
length of exposure. Everyone should minimize ex- 
posure to chemicals. The following general precautions 
are suggested: 


a. Minimize skin and eye contact and breathing of va- 
pors. 

b. Keep chemicals away from the mouth, since they 
can be harmful or fatal if swallowed or aspirated. 

c. Keep chemical containers closed when they are not 
in use. 

d. Keep work areas well ventilated and as clean as 
possible. 

e. Promptly clean up spills in accordance with perti- 
nent safety, health, and environmental regulations. 

f. Observe established exposure limits and use proper 


protective clothing and equipment. 


Note: For permissible exposure limits (PELs), consult the most re- _ 
cent edition ofthe Occupational Safety and Health Standards, 29 
Code of Federal Regulations Subpart Z, “Toxic and Hazardous Sub- 
stances,” Section 1910.1000 and following. Also consult the most 
recent edition of the ACGIH booklet Threshold Limit Values and 
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Biological Exposure Indices. (See 10.4.2 for complete reference infor- 
mation.) 


A.2.2 KEROSENE 


Health effects can result from exposure to kerosene 
through contact with the skin and eyes, breathing of 
vapors, swallowing, or aspiration. Kerosene can exhibit 
local irritant properties that may be manifested by dei- 
matitis of the skin, stinging of the eyes, nose, or throat, 
or respiratory irritation, Acute exposure to kerosene 
may result in adverse systemic effects including effects 
on the central nervous, respiratory, or gastrointestinal 
systems. Symptoms of systemic effects may include 
vomiting, diarrhea, and in severe cases, drowsiness and 
central nervous system depression progressing to coma 
and death, 

There may also be long-term (chronic) health effects 
of varying severity from exposure to kerosene. 


INFORMATION CONCERNING SAFETY AND 
HEALTH RISKS AND PROPER PRECAUTIONS 
WITH RESPECT TO PARTICULAR MATERIALS 
AND CONDITIONS SHOULD BE OBTAINED 
FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MA- 
TERIAL SAFETY DATA SHEET. 


A.2.3 STODDARD SOLVENT 


Health effects can result from exposure to Stoddard 
solvent through contact with the skin and eyes, 
breathing of vapors, swallowing, or aspiration. Stod- 
dard solvent exhibits local irritant properties that may 
be manifested by dermatitis of the skin, stinging of the 
eyes, nose, or throat, or respiratory irritation. Acute 
exposure to Stoddard solvent may result in adverse 
systemic effects including effects on the central ner- 
vous, respiratory, or gastrointestinal systems. Symp- 
toms of systemic effects may include headache, fatigue, 
nausea, vomiting, cough, and gastrointestinal or re- 
Spiratory difficulties. 

There may also be long-term (chronic) health effects 
of varying severity from exposure to Stoddard solvent. 


INFORMATION CONCERNING SAFETY AND 
HEALTH RISKS AND PROPER PRECAUTIONS 
WITH RESPECT TO PARTICULAR MATERIALS 
AND CONDITIONS SHOULD BE OBTAINED 
FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MA- 
TERIAL SAFETY DATA SHEET. 
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A.2.4 TOLUENE 


Health effects can result from exposure to toluene 
through contact with the skin and eyes, breathing of 
vapors, swallowing, or aspiration. Toluene exhibits lo- 
cal irritant properties that may be manifested by der- 
matitis of the skin, stinging of the eyes, nose, or throat, 
or respiratory irritation. Acute exposure to toluene may 
result in adverse systemic effects including effects on 
the central nervous, cardiovascular, respiratory, or gas- 
trointestinal systems. Symptoms of acute systemic ef- 
fects may include headache, fatigue, disturbed vision, 
dizziness, confusion, numbness of the hands and feet, 


heart palpitations, anorexia, and gastrointestinal or re- - 


spiratory difficulties. Significant overexposure may 
lead to coma and death. 

There may also be long-term (chronic) health effects 
of varying severity from exposure to toluene. 


INFORMATION CONCERNING SAFETY AND 
HEALTH RISKS AND PROPER PRECAUTIONS 
WITH RESPECT TO PARTICULAR MATERIALS 
AND CONDITIONS SHOULD BE OBTAINED 
FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MA- 
TERIAL SAFETY DATA SHEET. 


A.2.5 XYLENE 


Health effects can result from exposure to xylene 
through contact with the skin and eyes, breathing of 
vapors, swallowing, or aspiration. Xylene exhibits local 
irritant properties that may be manifested by dermatitis 
of the skin, stinging of the eyes, nose, or throat, or 
respiratory irritation, Acute exposure to xylene may 
result in adverse systemic effects including effects on 
the central nervous, cardiovascular, respiratory, or gas- 
trointestinal systems. Symptoms of acute systemic ef- 
fects may include headache, fatigue, disturbed vision, 
dizziness, confusion, numbness of the hands and feet, 
heart palpitations, anorexia, and gastrointestinal or re- 
spiratory difficulties. Significant overexposure may 
lead to coma and death. 

There may also be long-term (chronic) health effects 
of varying severity from exposure to xylene. 


INFORMATION CONCERNING SAFETY AND 
HEALTH RISKS AND PROPER PRECAUTIONS 
WITH RESPECT TO PARTICULAR MATERIALS 
AND CONDITIONS SHOULD BE OBTAINED 


FROM THE EMPLOYER, THE MANUFACTURER 


OR SUPPLIER OF THAT MATERIAL, OR THE MA- 
TERIAL SAFETY DATA SHEET. 
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A.2.5 DEMULSIFIERS 


A variety of demulsifier materials may be used in the 
procedure described in 10.4.6. 


INFORMATION CONCERNING SAFETY AND 
HEALTH RISKS AND PROPER PRECAUTIONS 
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WITH RESPECT TO PARTICULAR MATERIALS 
AND CONDITIONS SHOULD BE OBTAINED 
FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MA- 
TERIAL SAFETY DATA SHEET. 
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APPENDIX B—DEMULSIFIERS AND WATER SATURATION OF SOLVENTS 


B.1 Water Saturation of Solvents 


B.1.1 Fill each of two centrifuge tubes to the 2-milli- 
litre (4-part) mark with water and then to the 100- 
millilitre (200-part) mark with the solvent to be satu- 
rated. 


B.1.2 Stopper the tubes and shake vigorously for 30 
seconds, holding the tubes below eye level, to disperse 
the water in the solvent, Loosen the stoppers. 


B.1.3 Place the tubes containing the water/solvent 
mixture into a sample preheater or heated (nonspin- 
ning) centrifuge maintained at a temperature of 60°C 
(140°F) for a minimum of 30 minutes. 


B.1.4 Inspect the water/solvent mixture for sus- - 
pended water droplets before use. If any suspended - 


water is visible, the tubes must be centrifuged at a 
temperature of 60°C (140°F) for 5 minutes at a speed 
sufficient to give a relative centrifugal force of 500 at the 
tube tip. 


B.1.5 Use the top 50 millilitres (100 parts) of the mix- 
ture from each tube for test purposes. Take particular 
care not to pour any of the free water in the tip ofeach 
tube into the sample. 


B.2 Demulsifiers 


B.2.1 Although a good commercial crude-oil de- 
mulsifier will work effectively with a wide range of 
crude oils, there are some crudes for which one de- 
mulsifier is more effective than another. Oil-soluble 
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demulsifiers, which are generally used in this proce- 
dure, normally consist of an‘ aromatic base (usually 
xylene or toluene) plus a proprietary active ingredient, 
Water-soluble demulsifiers normally consist of an alco- 
hol base plus a proprietary active ingredient. For spe- 
cific information regarding demulsifiers, consult Ap- 
pendix A and the Material. Safety Data Sheet for the 
particular demulsifier in use. 


B.2.2 Overtreatment with a demulsifier can add er- 
roneously to the apparent sediment and water level. 
Demulsifiers do not in general contain water, but they 
do have a limited solubility in the solvent-sample mix 
and, if added in excessive quantities, can show up after 
centrifuging as a separate immiscible component at the 
bottom of the tube. To prevent this problem, the de- 
mulsifier should always be used in the form of a de- 
mulsifier-solvent stock solution or should be premixed 


-with the solvent to be used in the test. In either case, the 


quantity of demulsifier to be added to the solvent 
should be based on tests for the particular demulsifier- 
solvent combination. The demulsifier manufacturer’s 
instructions should be followed when a demulsifier so- 
lution is prepared. 


B.2.3 Demulsifiers and demulsifier-solvent solutions 
should always be stored in accordance with the manu- 


‘facturer’s recommendations. Each container used to 


store a demulsifier or demulsificr-solvent solution 
should be dated, and the contents should be discarded 
when they reach the demulsifier manufacturer’s recom- 
mended shelf life. : 


O 


